Purpose: To investigate the success rate of trial without catheter (TWOC) for postoperative urinary retention (POUR) after non-urological surgery and to determine predictors of successful TWOC. Methods: A total of 104 patients who underwent non-urological surgery and were referred to the department of urology for POUR were included in this retrospective study. All eligible patients underwent indwelling catheterization as an initial treatment and then TWOC was performed 3 to 7 days later. POUR was defined as micturition difficulty with greater than 400 mL of postvoid residual (PVR) urine volume measured by catheterization after non-urological surgery. Successful TWOC was defined as voiding with less than 100 mL of PVR urine volume. Predictive factors were identified by multivariate regression analysis. All definitions corresponded to recommendations of the International Continence Society. Results: The mean age of the patients was 65.2 (range, 23 to 92) years. There were 45 male and 59 female patients. Intraoperative indwelling catheterization was performed in 69 (66.3%) patients. Mean duration of indwelling catheterization for POUR was 5.0 (range, 3.0 to 7.0) days and 83 (79.8%) patients received medication with an alpha-blocker. A successful TWOC was observed in 70 (67.4%) patients. The mean age of the patients with failure of TWOC was significantly higher than that of the patients with successful TWOC. The percentages of female patients, spinal surgery, and prone position during surgery in patients with unsuccessful TWOC were higher than in those with successful TWOC. In the multivariate logistic regression analysis, age and location of surgery (spine vs. non-spine) were the independent predictors of successful TWOC for POUR. Conclusions: Our data suggest that older age and spinal surgery may be important risk factors for failure of TWOC for POUR after non-urological surgery. Thus, adequate prevention measures may be necessary for POUR after non-urological surgery, especially in patients with these risk factors.
INTRODUCTION
Postoperative urinary retention (POUR) is a common and potentially serious morbidity but is poorly understood. POUR has generally been defined as the inability to pass any urine in the presence of a palpable or percussible bladder after surgery but the definition varies widely [1] . Its incidence generally ranges from 4 to 25% [2] . The widely varying reported incidence of POUR reflects differences in patient characteristics, the lack of uniform defining criteria, and the multifactorial etiology of POUR, including age, gender, inadequate perioperative fluids, type of anesthesia and type of surgery [1] . To date, several contributing mechanisms to POUR have been suggested [2] . These include traumatic instrumentation, bladder overdistention, diminished awareness of bladder sensation, decreased bladder contractility, increased outlet resistance, decreased micturition reflex activity, nociceptive inhibitory reflex and preexistent outlet pathology [2] . Several previous studies have reported that factors such as comorbidities, type of surgery, duration of surgery, type of anesthesia or analgesia, amount of intravenous fluid during surgery, and drugs used during the perioperative period, especially anticholinergics or sedatives, can influence the [1, [3] [4] [5] [6] [7] [8] [9] [10] [11] . However, most of these studies on the factors influencing POUR showed contradictory results.
Although most patients may recover from POUR with a trial without catheter (TWOC) after a few days of catheterization, some patients with POUR can have persistent urinary retention after failure of TWOC, and this prolongs or complicates the postoperative recovery phase. However, to date, there are sparse data on predictors of recovery from POUR. The aim of the present study was to investigate the success rate of TWOC for POUR after non-urological surgery and to determine the predictors of successful TWOC.
MATERIALS AND METHODS

Study Design
This study was approved by the Institutional Review Board at our hospital. Between July 2005 and April 2011, a total of 5,102 patients were referred to the department of urology for urologic problems. Of these, 236 patients complained of micturition difficulty after non-urological surgery. The exclusion criteria were as follows: age younger than 18 years, previous neurological disease, previous urological surgery, and urological disease such as urethral stricture, bladder or prostatic cancer, and benign prostatic hyperplasia (BPH). Thirty-three, 27, and 3 patients were excluded because of previous neurological disease, previous urological surgery, and diagnosis of BPH that may affect micturition after surgery, respectively. After excluding 54 patients with post-void residual (PVR) urine volume of less than 400 mL measured by catheterization and 15 patients managed by in-and-out catheterization for POUR, a total of 104 patients (45 men and 59 women) with POUR were eligible for this retrospective study. All eligible patients were managed initially in a standard manner with a urethral Foley catheter. TWOC was then performed after 3 to 7 days of indwelling catheterization according to the preference of the individual clinicians. After removal of the urethral Foley catheter, PVR urine volume was evaluated by suitably trained ward nursing staff by using a bladder scanner (BVI-3000 BladderScan, Verathon Inc., Bothell, WA, USA) to determine a need for re-catheterization. This was repeated at convenient intervals until voiding with PVR urine volume of less than 100 mL was possible or PVR urine volume of greater than 400 mL was detected by the bladder scanner. When PVR urine volume of greater than 400 mL was detected by the bladder scanner, re-catheterization was performed. POUR was defined as micturition difficulty with PVR urine volume of greater than 400 mL measured by catheterization. Successful TWOC was defined as voiding with PVR urine volume of less than 100 mL. All other outcomes were regarded as failures.
A retrospective review was performed to evaluate patient demographics and clinical factors (age, gender, body mass index, comorbidity, presence or absence of lower abdominal discomfort at POUR, preoperative lower urinary tract symptoms or constipation, inability to ambulate at POUR, use of alpha-blocker, duration of indwelling catheterization after POUR, preoperative Modification of Diet in Renal Disease glomerular filtration rate, and presence or absence of preoperative pyuria), surgical factors (duration of surgery, the amount of intravenous fluid administrated during surgery, location of surgery, operative positioning, and presence or absence of intraoperative indwelling catheterization) and anesthetic factors (type of anesthesia, use of patient-controlled anesthesia, and use of anticholinergic drugs during anesthesia). All definitions corresponded to recommendations of the International Continence Society [12] .
Data Analysis
The variables were evaluated for statistical significance by using the Student's t-test and chi square test. To identify the predictors of successful TWOC for POUR, we used logistic regression analysis. Variables with a P-value of less than 0.05 in the univariate analysis were included in the multivariate logistic model. A 5% level of significance was used for all statistical testing, and all statistical tests were 2-sided. The SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) was used for the data analysis.
RESULTS
The baseline data are shown in Table 1 . The mean age and retention volume of the eligible patients was 65.2 years (range, 23 to 92 years) and 678 mL (range, 400 to 1,500 mL), respectively. There were 45 male and 59 female patients. Intraoperative indwelling catheterization was performed in 69 (66.3%) patients. Mean duration of indwelling catheterization after POUR was 5.0 days (range, 3.0 to 7.0 days), and 83 (79.8%) patients received medication with an alpha-blocker. A successful TWOC was observed in 70 (67.4%) patients. Also, a successful TWOC was observed in 36 (74.8%) of 45 male patients and 34 (57.6%) of 59 female patients, respectively. Mean age (71.2±11.6 years) in patients with failure of TWOC was significantly higher than that (63.1 ±16.0 years) in patients with successful TWOC .1%/7.1%). Urodynamic study was performed in 11 of 34 patients with failure of TWOC. Detrusor overactivity, detrusor underactivity, acontractile detrusor, and normal detrusor function were observed in 3, 4, 5, and 2 patients, respectively. During indwelling catheterization, 3 (1.9%) and 10 (9.6%) patients complained of gross hematuria and urethral discomfort, respectively. However, no patient had serious catheter-related complications such as febrile urinary tract infection. In the univariate logistic regression analysis, age, gender (male vs. female), location of surgery (spine vs. non-spine), and operative position (supine vs. prone) were significantly associated with successful TWOC (Table 2 ). In the multivariate logistic regression analysis, age and location of surgery (spine vs. non-spine) were the independent predictors of successful TWOC for POUR (odds ratio [OR], 0.962; P=0.048, and OR, 0.140; P =0.038) ( Table 2) . Mean age and gender distribution (male/female) in the 15 patients who underwent spinal surgeries were 65.5 ±12.2 years and 5/10, respectively. Also, all patients underwent spinal surgeries in the prone position.
According to retention volume, the patients were stratified into 2 subgroups: those with a retention volume of ≥600 mL and those with a retention volume of <600 mL. The value selected (600 mL) to divide the patients into the two subgroups is the maximum capacity of the bladder in an adult [13] . In the subgroup of 58 patients with a retention volume of 600 mL or greater, successful TWOC was observed in 45 (77.6%) patients. The percentage (69.2%) of female patients among 13 patients with failure of TWOC was significantly higher than that (42.2%) among 45 patients with successful TWOC (P=0.048). The proportion (7.7%) of patients who underwent intraoperative indwelling catheterization in the failed TWOC group was significantly lower than that (57.8%) in the successful TWOC group (P =0.023). Also, mean age (70.8 ±7.1 years) in patients with failed TWOC was significantly higher than that (63.2 ±13.5 years) in those with successful TWOC (P=0.048). In the multivariate logistic regression analysis, age and presence or absence of intraoperative indwelling catheterization were the independent predictors of successful TWOC for POUR (OR, 0.968, P =0.049; OR, 8.475, P =0.045) ( Table 3 ). In the subset of patients with retention volume of ≥600 mL, those who did not receive indwelling catheterization during surgery were at an 8.5 times higher risk of failed TWOC than were those with intraoperative indwelling catheterization (Table 3 ). In the subset of 46 patients with retention volume of less than 600 mL, successful TWOC was observed in 32 (69.6%) patients. In the univariate logistic regression analysis, age, gender (female vs. male), location of surgery (spine vs. non-spine), and operative position (prone vs. supine) significantly influenced successful TWOC (OR, 0.923, P =0.036; OR, 0.575, Statistical comparison between successful and unsuccessful TWOC groups using the student t test and the chi square test.
b)
Renal insufficiency: preoperative MDRD GFR less than 60 mL per minute per 1.73 m Table 4) . Twenty of 34 patients with failure of TWOC were discharged from the hospital with indwelling catheters and the remaining 14 patients performed clean intermittent catheterization (CIC) after being discharged. The decision regarding whether the patients had indwelling catheterization or CIC was determined by individual doctor-patient consultation. A second TWOC was performed 1 to 2 weeks after discharge from the hospital. Eight of 20 patients with indwelling catheters at discharge had success in the second TWOC.
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DISCUSSION
Although it is well known clinically that POUR is a frequent and potentially serious condition that can prolong hospital stay, limited data is available regarding the predictors of outcome of TWOC for POUR. The present study extends the current state of knowledge in the study of POUR by further exploring the outcome of TWOC and factors influencing success in patients with POUR after non-urological surgery. The important findings of our study can be briefly summarized as follows: 1) older age and spinal surgery can be risk factors for unsuccessful TWOC for POUR, and 2) the presence or absence of intraoperative indwelling catheterization may be an important factor influencing the success of TWOC in patients with a retention volume of ≥600 mL but not in those with a retention volume of <600 mL.
The contractility of the detrusor decreases with advancing age [2] . Accordingly, in light of previous studies, it was generally assumed that POUR increases with age, with the risk increasing by 2.4 to 2.8 times in patients over 50 years of age [3, [5] [6] [7] . Furthermore, previous studies have demonstrated that younger age is significantly associated with recovery from POUR [14, 15] . In accordance with these previous studies, our results showed that age was an independent predicting factor of successful TWOC for POUR and that patients older than 70 years were at a 1.8 times higher risk of failure of TWOC than were those younger than 70 years (data not shown).
Controversy has existed about the impact of gender on the development of POUR. Some studies have shown that gender is not correlated significantly with the development of POUR [5, 10, 11] . Also, Tammela et al. [14] suggested that there was no significant difference in frequencies of persistent micturition difficulty after the first catheterization for POUR between male and female patients. Other studies reported a higher incidence of POUR in men than in women [3, 9] . In contrast, a previous study demonstrated that female gender was an independent risk factor for POUR after surgery for benign anorectal disease in a multivariate analysis [8] . Similarly, our data showed that female gender was significantly associated with failure of TWOC in the univariate regression model. There are a few explanations for this. First, voiding could have been hindered in the women because they were lying supine on the bed, which led to a more uncomfortable voiding position in the women than in the men [8] . Second, women might feel more reluctant to void in an unfamiliar surrounding without privacy compared with men [8] . Third, because women are liable to cystitis anatomically, this could have an adverse impact on recovery of micturition from POUR [15] . Unfortunately, gender was not an independent predictor of successful TWOC for POUR in the multivariate model of the present study. Thus, larger cohort studies are warranted to further elucidate the impact of gender on outcomes of TWOC for POUR. The duration of catheterization before TWOC for urinary retention is still an area of debate. A previous study by Djavan et al. [16] reported that a successful TWOC was achieved in 44% of patients with in-and-out catheterization, in 51% of those with 2 days of indwelling catheterization and in 62% of those with 7 days of indwelling catheterization, which suggests that prolonged catheterization may usually be associated with a greater success rate of TWOC. In contrast, other studies have not demonstrated an impact of duration of catheterization on TWOC outcome [17, 18] . Taube and Gajraj [17] found that in patients randomly allocated to three groups (urethral catheters were removed either immediately after the bladder was emptied, or 24 or 48 hours later), there was no significant difference in the rates of successful TWOC among the three groups. Recently, Emberton and Fitzpatrick [18] suggested that the benefits associated with a duration of catheterization of more than 3 days appear to be marginal in terms of TWOC success (59.6%) compared with a shorter duration of catheterization (56.4%). In line with these studies, the present study did not demonstrate a prognostic significance of duration of catheterization in terms of TWOC outcome for POUR. Furthermore, because all patients in our study underwent catheterization of ≥3 days and the percentage of patients with catheterization of 3 days was only 11.5%, we could not confirm whether duration of catheterization was associated with the outcome of TWOC for POUR.
Previous studies have shown that a drained volume at catheterization of ≥1 L could be a risk factor for unsuccessful TWOC, which suggests a correlation between retention volume at POUR and outcome of TWOC [14, 16, 18] . However, our data did not demonstrate an influence of retention volume on outcome of TWOC for POUR. In our series the relatively small number of cases (9.5%) with a drained volume at catheterization of more than 1 L might be a reason that no statistical significance as an independent prognostic marker was attained.
The incidence of POUR can vary according to the location of surgery [1] . The present study showed that the patients with spinal surgery were at a higher risk of unsuccessful TWOC for POUR than were those with non-spinal surgery. This may be because they usually need prolonged bed rest and cannot urinate in the correct voiding position after spinal surgery [7] . In this study, the patients who underwent surgeries in the prone position had a higher probability of unsuccessful TWOC than did those who underwent surgeries in the supine position, but this variable lost statistical significance in the multivariate analysis.
Interestingly, although in a subset of patients with retention volume of ≥600 mL, the presence of intraoperative indwelling catheterization was an independent predictor of successful TWOC for POUR, there was no significant correlation between the two in patients with a retention volume of <600 mL. Even a single episode of bladder over-distention may lead to the deposition of collagen between the muscle fibers of the detrusor, decreasing the contractility and leading to impairment of bladder emptying [19] . Furthermore, bladder ischemia may contribute to the persistent impairment of contractility after bladder overdistension [20] . Thus, avoidance of excessive bladder distention by indwelling catheterization during surgery might be important for recovery of micturition from POUR in patients with a retention volume over 600 mL. This can be further supported by the experimental observation of a reduced bladder response to sacral neural stimulation during over-distention and after over-distention [21] .
Some caution may need to be applied when interpreting our data. First, the present study is limited by its retrospective nature and therefore carries with it all the inherent potential issues associated with such studies. Systematic evaluation with urodynamic analysis was performed only in a portion of the patients with POUR. Also, although the medical history of preoperative lower urinary tract symptoms was taken by an urologist at the urology consultation, some asymptomatic patients with chronic urinary retention might have been included in this study, thus confounding our analysis. Second, the number of eligible patients may be insufficient to detect all the factors significant for predicting the outcome of TWOC in patients with POUR.
Our study is appropriate relevant to clinical decision making. The results of this study give insight into a common but poorly explored postoperative problem, which is POUR following non-urological surgery. These results can be helpful in establishing a treatment protocol and prevention measures for patients with POUR after non-urological surgery.
In conclusion, our data suggest that older age and spinal surgery may be important risk factors for failure of TWOC for POUR after non-urological surgery. Thus, clinicians should www.einj.or.kr 165 Lee, et 
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pursue preventive measure such as systemic monitoring of PVR urine volume by bladder scanner to avoid POUR and minimize the associated morbidity, especially in patients with these risk factors. Also, research into an adequate treatment protocol for POUR should be further encouraged. The present study indicates that indwelling catheterization during surgery may be needed to avoid excessive bladder distention and persistent micturition difficulty. These data may be substantially important to clinicians caring for such patients. However, prospective studies with a larger cohort are necessary to confirm these findings.
